Many models exist in the scientific literature for determining indoor daylighting values. They are classified in three categories: numerical, simplified and empirical models. Nevertheless, each of these categories of models are not convenient for every application. Indeed, the numerical model requires high calculation time;
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Introduction
CODYRUN software is a dynamic building simulation code developed at the Physics and Mathematical
Engineering Laboratory for Energy and Environment (P.I.M.E.N.T). The software uses a multiple-model approach to simulate the energy behaviour of buildings, including thermal, aeraulic and hydrous aspects. It was in its first release created in 1993 [1] for the needs of two types of users:
 Building designers and operators
 Building physics researchers
Thereafter, several works have been investigated to improve the computer tool. Many physical models were tested and introduced into the software to make it more powerful and more diversified.
Recently, a new model has been developed and integrated to allow the simulation of indoor daylighting. The objective is to simulate illuminance at any point of a work plane by using a new concept to simplify the combination of photometric models. This model is original because it is based on the combination of three simplified types of models to determinate indoor illuminance.
It is indeed important to provide a tool capable of simulating daylighting, simultaneously coupled with thermal phenomena. This allows studying cases involving interactions between several energetic phenomena and determining the global behaviour of buildings.
Literature review
The literature review will be only conducted on the quantity of indoor daylighting coming from sidelights toward a point located on a specified useful work plane.
History
The CIE (International Commission of Illumination) was created in 1928 [2] in order to answer to the problem associated with daylighting and lighting. The objective of the organization is to develop norms, measurement methods and models to characterize luminous environment [3] . It is recognized by International Standardisation Organisms due to its know-how and professionalism in illuminance analysis applications.
From 1960, Kittler [4] introduced artificial skies with the aim of simulating indoor daylighting of scale models. Thus, more complex indoor daylighting configurations could be studied under normalised experimental conditions.
In 1973 [5] , the CIE published a new methodology to assess indoor daylighting from Daylight Factor (DF).
Some fifty other methods are presented in this same report.
Tregenza and Waters [6] introduced the notion of Daylight Coefficient (DC) in 1983.
Collins [7] marked the history and discoveries in the evaluation of indoor daylighting. In fact, in his article, published in 1984, he reminded us that the very first research on quantitative study of daylighting was present since 1865. The studies were made at that time from a graphical approach to be used with simple rectangular sidelight (without considering complex cases).
In the same year, numerical calculation codes in daylighting and lighting have progressed in computers technology, more precisely, with the development of computers and software: Superlite [8] , Radiance [9] , Genelux [10] , Lightscape 3.2 [11] , Adeline [12] , etc.
In 1988, Clarke and Janak [13] improved RADIANCE and ESP-r to determine indoor daylight from Daylight Factor (or DF).
In 1999, Michel [14] introduced a new factor for the calculation of indoor daylighting, called the Partial DF.
In the same year, Paule [15] created a simulation code (DIAL) for study of indoor daylighting and lighting.
The characteristic of this software is that it allowed preliminary draft diagnosis of a building using simplified and accurate models (minimal calculation time Experimental models require important financial means (scanning sky simulator, for example, in the case of studies of daylighting from scaled models) and the perfect observation of experimental phenomena, through measurements, on scale models or full-sized buildings. The second drawback in this method is that the time delay to obtain exploitable data is relatively long and depends on the climatic constraints of the site. Concerning scale models, errors are very high when compared to results obtained by full-scale measurements. This approach is therefore to be avoided.
In the case of numerical detailed models, calculation time is considerable. In addition, these models are generally used for visual rendering (quality of the illuminance) rather than for quantitative characteristics of daylight in a room.
Finally, the major inconvenience of simplified models is that they are only applicable under certain conditions (sky conditions, limited to a certain position, etc.). However, they have enormous advantages: easy to understand and to implement, simple to use and less time consuming, give acceptable results, etc. These models are more adaptable to the code source of CODYRUN. Therefore, this category has been selected for integration of a daylighting model in CODYRUN. Our contribution in the field has been to combine three types of models normally used in different conditions (overcast sky or not, only direct sunlight, etc.). This allowed not only to circumvent the conditions calculations, but also to improve their applications range.
Modelling of indoor daylighting
In this paragraph, new models and algorithms for the numerical simulation of daylighting in CODYRUN are presented.
Brief description of CODYRUN software
CODYRUN is a multi-zone software integrating natural ventilation, thermal and moisture transfers, developed with a friendly interface.
The software is a tool dedicated to researchers and professionals. Physical models taken into account in the Details of the multiple-model characteristics of CODYRUN are given in [21] , the thermal model constitution in [22] , the pressure airflow model in [23] , the outdoor illuminance model in [40] , the datastructuration and the description of the tool in [24] and CO 2 model in [25] .
Many validation tests of CODYRUN code were successfully applied to the software. Most of them are part of the BESTEST procedure [26] and led to the validation of the results.
Implementation of a new model
Introduction
All these models allow the software to address not only the various issues related to building design but also to make a detailed study of the physical variables of the surrounding.
However, the initial model does not study other aspects related to the interior environment, such as visual comfort. An improvement of the software was necessary to overcome this.
Studies have thus been conducted to integrate indoor daylighting models in the software and ensure that the software correctly simulates illuminance received at any point of a given work plane (see Figure 1 ).
This study is original because many research laboratories are only interested in the qualitative study of the relationship between thermal transfer and luminous aspects (for example, the association of a temperature for each luminous colour) as opposed to CODYRUN, which is able to examine quantitative values. These algorithms are often used in programming of any sort of 3D computer graphics.
For this, the computer code (program) of CODYRUN has been amended at four different levels:
 In the simulation code: it was necessary to add indoor daylighting model, to create a work plane and to make the mesh of the plane from an algorithm based on Euclidean geometry (polygons, vertex, vector, etc.) and finally integrate a model capable of reproducing solar illuminance from a meteorological database containing only irradiance (global, diffuse and direct beam).
 In the result files: CODYRUN creates an Excel file where it usually stores all the information on the results of simulations. This file is not suitable in the photometric study. So, two improvements have been made at this level: first, the existing result file has been modified to take into account the value of illumination on the working plane. On the other hand, new file storage information, much more detailed in the field of lighting, was added. This file (output variable of the software) can be opened with a notepad application.
 In the weather file: the numerical simulation of a building cannot be done without prior knowledge of the weather conditions. Indeed, CODYRUN needs to be informed about climatic conditions (input variables of the software). Regarding the simulation of the interior illuminance, the software needs to have information on the illumination normally provided by external data format files such as TMY2.
CODYRUN accepts such files. Sometimes, we do not have a similar database. Knowing that the software has its own type of weather file but does not give any information on illuminance variable, an improvement has therefore been made to provide information on outdoor illuminance. In the lack of weather data, it is possible to simulate indoor illuminance. Indeed, at a given time it is sufficient to indicate an overall value of outdoor illuminance for the calculations of the indoor illuminance at any point on a work plane.
 In the building description: another input variable should be given to the software: the description of the studied building. However, the indoor illuminance strongly depends on the geometric position in space of openings, building orientation, etc. Previously, the software could not take into account all these parameters. This problem was solved by adding the cartesian coordinates in the declaration of each component (wall, floor, ceiling, windows, etc.) of the building. Each component is constituted of two sides and each side is characterized by one vertex. 
Description of the model
Two basic models are used in the algorithmic combination of the calculation code for indoor daylighting.
The Daylight Factor (or DF) is used to determine diffused illuminance whereas the classical method (taking into account point position and aperture visible transmittance) is used to determine the direct illuminance through a sidelight. The principle of calculation for each one of these two methods will be given in the following paragraphs. In addition, a new specific mathematical relation for the determination of the diffuse illuminance on a sun patch will be described.
Calculation of diffuse illuminance in the absence of sun patch: DF method
The DF (Daylight Factor) method will be used to calculate diffuse illuminance. This method was elaborated by BRE (Building Research Establishment) [27] and published by CIBSE [28] . We can consider the light falling on a point in the rooms as being composed of three distinct components. If a DF value (from the relation (1)) is known, it is possible to calculate the global inside illuminance at the point of interest from the relation (2):
Calculation of diffuse illuminance part in the presence of the sun patch : new method
It is considered that the diffuse illuminance at a point (which is inside the sun patch) is the sum of the diffuse illuminance generated by the DF and that produced by the sun patch itself in the neighbourhood of the point. A simple relation originally determines the diffuse part coming from the sun patch:
The general equation of diffuse illuminance at an inside point (of the room) on the sun patch becomes:
Calculation of the sunlight
For this part, the Siret's method is used [29] . The relation is written as followed:
Recapitulation: new method of indoor illuminance calculation
Relations (2), (3) and (5) allow establishing a new combination model of simplified categories to calculate indoor illuminance for every condition:
It is important to note that this simple new relation is original since (2), (3) and (5) are usually used separately (for each according to different conditions of application). Whereas the new relation found (6) is the combination of the three models. Thanks to this new combination, it is possible to calculate the illuminance values for any sky conditions. Indeed, (2) is applied only in overcast sky condition, while (3) and (5) are applied if and only if a light flux -coming from the sun -enters the room. The scientific literature does not give information on the combination of relations (2), (3) and (5), which are combined together (i.e. relation (6)).
Validation
The validation step is very important to know the precision of the simulation results. Especially when dealing with daylighting simulation programs, the achievement of the accuracy of the predictions is difficult. It is thus necessary to refer to rigorous procedures, recognized worldwide.
There are few documents on the procedures to follow. In most cases, laboratories implement their own experimental database to serve as a reference for comparisons between model predictions and measurements.
The study of Maamari [30] perfectly responds to our needs concerning the validation step. Indeed, his thesis is related to the establishment of methods to check the reliability of simulation codes of indoor daylighting and artificial lighting, from analytical and experimental tests cases. This work is used as reference in the task TC3-33 of the CIE [31] . The software only considers sidelight. In addition, it does not take into account internal obstructions (furnishing, occupants, etc.), bidirectional transmissions (BRDF) and lightwell. Therefore, simulation results will be confronted to reference test cases, taking into account the above-said hypothesis.
New approach to determine the percentage of reliability
It is important to consider a square percentage deviation to calculate the error between measurements and used models, when studying outdoor or/and indoor daylighting.
Outdoor errors
We have recently taken into account used models for the study of luminous efficacy [32] . It concerns the references [33] and [34] . 
Equation.7 (7)
In order to increase accuracy, some statistical indicators also need to be defined as follows:
Indoor errors
Concerning indoor daylighting study, the estimate is made from relative errors  at the point i defined by:
Global relative () errors are thus written:
Reliability of the Software Degrees (RSD): new concept of quantification of the accuracy
In this study, a new percentage indicator that verifies the capacity of the software to correctly simulate indoor daylighting is defined as RSD (or Reliability of Software Degree). It is the ability of the software to simulate correctly and realistically a physical variable. In our case study, the variable is indoor daylighting.
Photometric phenomena are very complex, so we can consider that results of numerical simulation software are correct compared to reality (or reference values) when its RSD is greater or equal to 50%. This gives a precise idea of the limits, strengths and weaknesses of the software in its application field. As a preliminary, this method requires the knowledge of reference values (or reference test case study).
Two situations are presented for the determination of RSD: The reference scenarios of the C.I.E are classified into two categories: analytical and experimental. In each category, we can distinguish the study of artificial lighting and/or daylighting. These references are defined in the Task TC3-33 of the CIE. They are used for the validation of CODYRUN. Only 39% of these tests cases were applied to CODYRUN and verified. Table 1 shows the details of test cases submitted to the software CODYRUN to check its level of reliability to simulate indoor daylighting.
Summary and results of test cases submitted to CODYRUN
The highest error between the reference values and those from the simulations were observed during the dynamic study performed locally using the LGI cell (about 32%) of relative error [35] . The following paragraph will present a detailed study to explain the results.
Experimental test cell LGI
An existing experimental full-scale test cell has been instrumented in order to verify the reliability of the software CODYRUN to correctly simulate daylighting in transient conditions during an entire day. The database collected is used as a reference for the comparison between simulation and experimental values.
The experimental test cell LGI is located at Saint-Pierre (see figure 5 ). This test building was built for experimental validation reference on physical models introduced in CODYRUN [10] and ISOLAB [39] . The LGI cell is representative of a typical room or office in Reunion Island. The door is made up of aluminium, with a 6 mm glass window.
Instrumentation and experimental procedure
The meteorological data are measured every minute. The station measures irradiation (global and diffuse) and wind speed and direction (respectively at a height of 2 m and 10 m from the ground). We added an outdoor daylight sensor that measures more than 14,000 values each day. The data logger is of CAMPBELL type. The measurements of indoor and outdoor daylighting are made from instruments of AHLBORN type. All the measuring instruments are synchronised. To simplify our study, we have positioned an exterior luxmeter (sensor) on the roof of the LGI cell (see figure 8 ). Indoors luxmeters (sensors) were aligned on the slabs as shown in the figure (see figure 9 ). These sensors are equidistant by 0.5 m. The horizontal distance between position of the sensor A 1 and aperture is 0.23 m. Globally, three categories of days (refer to [40] for more information) are used as a reference experiment: it consists of intermediate day, clear day and overcast day conditions. The reference Table 2 gives the subjective and objective measurements errors. Total error associated with the experimental measurements (outdoor and indoor measurements) is 13.22% and the global error is 15%. Table 2 indicates the values of subjective and objective errors of our experiment. This approach to study the measurement error is highly recommended by the C.I.E [31] .
Measurement errors
These values will allow us to give margins of lower and upper limits for each measurement. The mean error (measurements errors) is 13.4% and global error (measurements and software hypothesis of simulation errors) is 15%. Table 3 gives the characteristics of the interior measurements sensors. Operating/storage temperature 0°C to +60°C / -10°C to +80°C We obtained a RSD value of more than 50%. The simulation results obtained -without considering the direct sunlight flux -better correspond to the values of measurements (see Figure 8 ). There is obviously no inertia in photometric phenomena (i.e. abrupt variations of daylighting with time). So, during our measurements we took a time step of one minute to take into consideration these abrupt variations. The inconvenience is that this increases the errors between the simulation results and reference measurements. To verify this hypothesis, we plotted the same curve with hourly averaged values and we got the following figure (refer to Figure 9 , for the same point A 3 ). Reference values obtained hourly present more realistic results than minutely simulated results. Table 3 ). This explains why the software seems to simulate incorrectly the global available illuminance in the morning. In fact, simulation results in the evening better correspond to actual values. 
 Overcast day
In this study, we present simulation results obtained from reference positions points A 5 . Figure 12 illustrates the results of simulation.  Concerning the evening, we noticed that (for example, the highlighted R 3 zone in A 5 - Figure   12 ) the simulated values are lower than the measured values. The fact is that South and West parts of vertical façades of the test building are opaque. Then, the North-facing overhang does not influence skylight at these hours of the day. We obtain more coherent values between the simulation and the measurements.
As previously, we were interested in comparing these reference values with those simulated values for each To conclude, in the case of an overcast day we can note that reliability accuracy is higher or equal to 68%.
Globally, CODYRUN has the tendency to underestimate indoor daylighting.
Conclusion of the transient study
The case of a clear day study demonstrated the difficulty of simulating transient indoor daylighting. Indeed, the photometric effect is very complex (it is difficult to try to draw the shape of the illuminance for a given day and at a given point). For this reason, many other research laboratories prefer to conduct a time step study, but not during an entire day (see [25] and [26] ). However, we found that the simplified models introduced in the software were able to simulate fairly well the dynamic photometric variable. Similar situations were presented in an intermediate day study.
For an overcast day, we noted that the impact of the overhang in the simulation was important. Indeed, the model introduced in CODYRUN does not consider, for the moment, the influence of overhangs. The fact that the overhangs are not considered in the simulation increases the errors of comparisons in the experimental validation. We also noted that the software made higher errors at reference points located close and far from the opening.
During an entire day, the RMSD of the overall simulation is about 0.61. Considering the relative errors of theses hourly simulations, we obtain an average error of 32.7%. 
Conclusions
The sun is a renewable energy source often used in interior lighting (inside buildings).
This allows a decrease in the electrical energy consumption for artificial lighting in buildings. But, we do not have enough information for the study concerning the needs of illuminance in tropical and humid climate regions.
In the building, the integration of daylighting coming directly or indirectly from the sun is a variable, which is more and more used in development tools to determine the illuminance availability. However, these tools must satisfy the needs of architects and building design offices. According to them, the tool should not only quantify daylight, but should also elaborate method tools, which are easily usable. CODYRUN tries to satisfy this requirement.
As for any other software, the use of CODYRUN to simulate indoor daylighting presents advantages and drawbacks.
Concerning the advantages, we can indicate:
 Reduced calculation time. For example, the software takes 2 minutes to simulate daylighting on a workplane of 39x35 position points inside a building and for a time step, it takes one minute all long year);  The software is simple, user-friendly, and is perfectly adapted to design office (engineering consulting firm) and to individuals;  This software is a tool used in research laboratories. We were able to show that CODYRUN was reliable at 86.25%;
 It is possible to reconstitute the outdoor illuminance from a meteorological file, which only has irradiance information;
 It is possible to simulate the effects of sunlight coming from a secondary light source;
 We can monitor (or follow) the sun patch in the workplane;
 CODYRUN can separately simulate the direct, diffuse and global daylighting for every sky condition, through a new simplified model that is defined in this paper;
 The software is capable of dynamical studies.
The limitations of the model introduced in the software are:
 It does not consider overhangs and shadow masks in daylight simulation;
 No daylight calculation on vertical or inclined walls are considered;
 The cartesian coordinates of the building are manually inserted. This makes the description of the building (in CODYRUN) a time-consuming task;
 The are no graphical user interface, and no 3D visual representation of the building or visual rendering;
 The used models are simplified categories, so they are not applicable to complex architectural configurations;
 It does not consider obstructions inside the room (furniture, occupants, etc.) when simulating daylighting;
 The opening should only be sidelights.
The conditions, which can be used in the software, are those of simple (the volumes are rectangular, triangular, cubic, or L-shaped) closed systems (or sub-systems). We cannot simulate complex systems (for example, inclined walls of buildings).
Future research
The future research in this field can be classified in three categories as follows:  Using the tool to optimise the electrical energy consumption and to consider models taking into account simultaneously the temperature and the daylight.
